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polypeptides and prokaryotic microorganisms comprising
such vectors are also provided.
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Figure 1. SDS-PAGE analysis of shake-flask evaluation of Strain 1
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Figure 2. SDS-PAGE analysis of shake-flask evaluation of Strain 2

200kDa

1ieKDa: Lane | Sample
66.3kDa wi
55.4kDa 1 Mol wt markers
36.5kDa s 2 Strain 2 Supernatant/Growth medium
31kDa E
1 3 | Strain 2 081 fraction
21.5kDa
4 Strain 2 OS2 fraction
14.4kDa
5 Strain 2 Cell pellet fraction

TAR1-5-19

Figure 3. SDS-PAGE analysis of shake-flask evaluation of Strain 3
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Figure 4. SDS-PAGE analysis of shake-flask evaluation of Strain 5 and Strain 6
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Figure 5. SDS-PAGE analysis of shake-flask evaluation of Strain 7 and Strain 8
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Figure 6. SDS-PAGE analysis of fermentation analysis of Strain 1
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Figure 7. SDS-PAGE analysis of fermentation analysis of Strain 3
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Figure 8 Secretion of Thioredoxin by Strains 9, 10 and 11
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Figure 9. Secretion of Human Growth Hormone by Strain 12
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Figure 10 Secretion of Thioredoxin by Pseudomonas putida
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EXPRESSION VECTOR FOR EXPRESSION
OF EUKARYOTIC SECRETION LEADER
SEQUENCE FUSED WITH A TARGET
POLYPEPTIDE AND METHODS OF USE
THEREOF

RELATED APPLICATIONS

The present application is a U.S. National Phase Applica-
tion of International Application No. PCT/GB2009/001372
(filed Jun. 1, 2009) which claims priority to Great Britain
Patent Application No. 0810154.5 (filed Jun. 4, 2008) which
are hereby incorporated by reference in their entirety.

SEQUENCE LISTING SUBMISSION VIA
EFS-WEB

A computer readable text file, entitled “056258-5136_Se-
quencel isting.txt,” created on or about Dec. 2, 2010 with a
file size of about 13 kb contains the sequence listing for this
application and is hereby incorporated by reference in its
entirety.

EXPRESSION VECTOR

The present invention concerns a process for the expres-
sion of a polypeptide in a prokaryotic cell using eukaryotic
secretion leader sequences.

It is of significant benefit in recombinant polypeptide pro-
duction if the polypeptide of interest can be exported from the
cellin which it is expressed. Expression systems are therefore
advantageously designed to enable such export, or secretion.
Secretion of the recombinant polypeptide from the host cell
commonly involves use of signal peptides, which are found
on the majority of eukaryotic and prokaryotic proteins that
are destined for export from the cytoplasm. Signal peptides
employed in such expression systems are typically native to
the expression host, for example, the Pho A, MalB and OmpA
signal peptides of Escherichia coli have been used exten-
sively to secrete polypeptides to the periplasm of that organ-
ism. As a matter of course, the use of prokaryotic hosts
involves the use of prokaryotic signal peptides. Prokaryotic
secretion leader sequences encoding suitable signal peptides
are therefore commonly included in prokaryotic expression
systems.

The expression of eukaryotic proteins using prokaryotic
expression hosts often leads to highly unpredictable and
inconsistent secretion of recombinant polypeptides. The use
of many eukaryotic signal peptides in different systems
results in expression systems which are inefficient, with low
yields being commonplace. In addition, problems may be
encountered with the misprocessing of the signal peptide,
which may be improperly removed or incompletely cleaved.
Thus there is a need for eukaryotic secretion signal peptides
that result in efficient expression and secretion of recombi-
nant polypeptides in prokaryotic hosts.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows SDS-PAGE analysis results of shake-flask
evaluation of Strain 1.

FIG. 2 shows SDS-PAGE analysis results of shake-flask
evaluation of Strain 2.

FIG. 3 shows SDS-PAGE analysis results of shake-flask
evaluation of Strain 3.

FIG. 4 shows SDS-PAGE analysis results of shake-flask
evaluation of Strains 5 and 6.
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FIG. 5 shows SDS-PAGE analysis results of shake-flask
evaluation of Strains 7 and 8.

FIG. 6 shows SDS-PAGE analysis results of fermentation
analysis of Strain 1.

FIG. 7 shows SDS-PAGE analysis results of fermentation
analysis of Strain 3.

FIG. 8 depicts secretion of thioredoxin by Strains 9, 10 and
11.

FIG. 9 depicts secretion of human growth hormone by
Strain 12.

FIG. 10 depicts secretion of thioredoxin by Pseudomonas
Dutida.

According to one aspect of the present invention, there is
provided an expression vector for expressing a target
polypeptide in a prokaryotic cell, comprising a promoter
operably linked to a polynucleotide encoding a target
polypeptide operably linked to a eukaryotic secretion leader
sequence, the eukaryotic secretion leader sequence encoding
a signal peptide sequence selected from the group consisting
of:

a) MLKRSSWLATLGLLTVASVSTIVYA; (SEQ ID NO 1)
b) MKKATFITCLLAVLLVSNPIWNA; (SEQ ID NO 2)
c) MKVSAAALAVILIATALCAPASA; (SEQ ID NO 3)
d) MKVSTAFLCLLLTVSAFSAQVLA; (SEQ ID NO 4)
and

e) MKCLLLALGLALACAAQA (SEQ ID NO 5)

or a functional equivalent thereof.

A functionally equivalent signal peptide is one that shares
70% or greater identity with an amino acid sequence, prefer-
ably 75% or greater identity, more preferably 80% or greater
identity and most preferably 90% or greater identity, such as
95% identity or more, and which retains the ability to secrete
the target polypeptide from a prokaryotic cell.

In many embodiments, DNA sequences which are oper-
ably linked are contiguous and, in the case of a secretion
leader, contiguous and in the same reading frame.

Preferably, the linkage between the secretion leader
sequence and the polynucleotide encoding the target
polypeptide is such that the signal peptide sequence is
attached to the N-terminal of the target polypeptide. In certain
embodiments, the target polypeptide comprises an N-termi-
nal tag, the linkage between the secretion leader sequence and
the polynucleotide encoding the target polypeptide being
such that the signal peptide sequence being attached to the
tag, preferably to the N-terminus of the tag.

Polynucleotides comprising a nucleotide sequence encod-
ing a signal peptide with amino acid sequences (SEQ ID NO
1), (SEQIDNO2), (SEQIDNO 3), (SEQIDNO 4) or (SEQ
ID NO 5), or a functional equivalent thereof, operably linked
to a nucleotide sequence encoding a recombinant polypeptide
form a further aspect of the present invention.

The eukaryotic secretion leader sequence is preferably
attached at the 5' end of the polynucleotide encoding the
target polypeptide. The nucleotide encoding signal peptide a)
preferably has the sequence CATATGCTGAAACGTTCT-
TCTTGGCTGG CAACTCTGGGTCTGCTGACTGTTG-
CATCCGTAAGCACTATTGTGTATGCA (SEQ ID NO 6).
The nucleotide encoding signal peptide b) preferably has the
sequence CATATGAAGAAAGCTACGTTTATTACT-
TGCCTGCTGGCTGTTCTGCTGGTTTCTAACC
CGATCGTTGTTAACGCG (SEQ ID NO 7). The nucleotide
encoding signal peptide c¢) preferably has the sequence
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CATATGAAAGTGTCTGCGGCCGCACTGGCA
GTAATCCTGATCGCAACTGCGCTGT-
GCGCGCCAGCCAGCGCA (SEQ ID NO 8). The nucle-
otide encoding signal peptide d) preferably has the sequence
CATATGAAAGTTTCTACTGCATTTCTGT-
GTCTGCTGCTGACTGTTAGCGCATTCTCCG CTCAG-
GTCCTGGCC (SEQ ID NO 9). The nucleotide encoding
signal peptide e) preferably has the sequence CATAT-
GAAATGTCTGCTGCTGGCGCTGGGTCTGGC ACTG-
GCATGTGCGGCACAGGCG (SEQ ID NO 10).

Promoters which may be employed in the vectors accord-
ing to the present invention comprise constitutive or inducible
promoters. In many preferred embodiments, the promoteris a
prokaryotic promoter. Examples of prokaryotic promoters
that can be employed include:

a) phage RNA polymerase-dependent promoters, particularly
T7 RNA polymerase-dependent promoter systems, prefer-
ably single T7 promoters, including those disclosed by
Studier and Moffat, J. Mol. Biol. 189:113-130 (1986), incor-
porated herein by reference, especially a T7 gene 10 pro-
moter; and

b) host RNA polymerase-based promoter systems, especially
E. coli RNA polymerase-based promoter systems.

Examples of preferred promoters which can be employed
include T7 gene 10 promoter, T7A1, T7A2, T7A3, ApL, ApR,
lac, lacUVS5, trp, tac, trc, phoA and rmB.

When a T7 RNA-polymerase dependent promoter system
is employed, it will be recognised that a source of T7 RNA
polymerase is required, which is provided by methods known
in the art, and commonly by inserting a ADE3 prophage
expressing the required phage polymerase into the host strain
to create lysogenic host strains. The T7 RNA polymerase can
also be delivered to the cell by infection with a specialised A
transducing phage that carries the gene for the T7 RNA poly-
merase.

Operator sequences which may be employed in the expres-
sion vector according to the present invention include lac, gal,
deo and gln. One or more perfect palindrome operator
sequences may be employed. In many preferred embodi-
ments, two perfect palindrome operator sequences are
employed, most advantageously one operator sequence being
located downstream of the promoter, and one operator
sequence being located upstream of the promoter. When two
operator systems are employed, the operator sequences are
preferably spaced to maximise control of the promoter. In
many embodiments, the spacing is from 85 to 150 base pairs
apart, preferably from 90 to 126 base pairs apart, and most
preferably 91 or 92 base pairs apart. In certain embodiments,
an operator sequence overlaps with the transcriptional start
point.

It will be recognised that the operator system is commonly
employed with an appropriate repressor sequence. Repressor
sequences produce repressor protein, for example lacl gene
sequence when using the lac operators. Other lac repressor
sequences may also be used, for example the lacI€ sequence
can be used to increase the level of lac repressor protein. The
repressor sequence may also be provided by the host cell
genome or by using an additional compatible plasmid.

The expression vector may be integrated into the host cell
genome, but is preferably comprised within an extrachromo-
somal element such as a plasmid. Alternatively, the expres-
sion vector may be incorporated into phage or viral vectors
and these used to deliver the expression system into the host
cell system. The expression vectors can be assembled by
methods known in the art.

The expression vector, particularly when the vector com-
prises a plasmid, typically also comprises one or more of the
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following: a selectable marker, for example a sequence con-
ferring antibiotic resistance, and a cer stability sequence.

The expression vector of the present invention can be
employed to express polypeptides, especially proteins in
prokaryotic host cells. Examples of prokaryotic cells include
bacterial cells, for example gram-negative bacterial cells,
including E. coli, Salmonella typhimurium, Serratia mars-
escens, Pseudomonas putida and Pseudomonas aeruginosa,
and gram-positive bacterial cells including Bacillus subtilis.
Preferred host cells are bacteria, particularly enterobacteria-
cae, preferably F coli, and especially B or K12 strains thereof.

The expression vector of the present invention is com-
monly employed in the form of a plasmid. The plasmids may
be autonomously replicating plasmids or integrative plas-
mids.

The expression vector of the present invention is advanta-
geously employed for the manufacture of polypeptides, espe-
cially recombinant proteins, by culturing recombinant cells.

Polypeptides which can be expressed by the process of the
present invention include therapeutic proteins and peptides,
including cytokines, growth factors, antibodies, antibody
fragments, immunoglobulin like polypeptides, enzyme, vac-
cines, peptide hormones, chemokines, receptors, receptor
fragments, kinases, phosphatases, isomerases, hydrolyases,
transcription factors and fusion polypeptides.

Antibodies which can be expressed include monoclonal
antibodies, polyclonal antibodies and antibody fragments
having biological activity, including multivalent and/or mul-
tispecific forms of any of the foregoing.

Naturally occurring antibodies typically comprise four
polypeptide chains, two identical heavy (H) chains and two
identical light (L) chains inter-connected by disulfide bonds.
Each heavy chain comprises a variable region (V) and a
constant region (C,), the C,; region comprising in its native
form three domains, C,1, C42 and C,3. Each light chain
comprises a variable region (V) and a constant region com-
prising one domain, C;.

The V,; and V; regions can be further subdivided into
regions of hypervariability, termed complementarity deter-
mining regions (CDR), interspersed with regions that are
more conserved, termed framework regions (FR). Each V,,
and V; is composed of three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the following
order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4.

Antibody fragments which can be expressed comprise a
portion of an intact antibody, said portion having a desired
biological activity. Antibody fragments generally include at
least one antigen binding site. Examples of antibody frag-
ments include: (i) Fab fragments having V;, C,, Vand C,1
domains; (ii) Fab derivatives, such as a Fab' fragment having
one or more cysteine residues at the C-terminus of the C,,1
domain, that can form bivalent fragments by disulfide bridg-
ing between two Fab derivatives; (iii) Fd fragment having V,
and C,1 domains; (iv) Fd derivatives, such as Fd derivatives
having one or more cysteine residues at the C-terminus of the
C,1 domain; (v) Fv fragments having the V; and V, domains
of a single arm of an antibody; (vi) single chain antibody
molecules such as single chain Fv (scFv) antibodies in which
the V,; and V; domains are covalently linked; (vii) VorV,
domain polypeptide without constant region domains linked
to another variable domain (a V or V; domain polypeptide)
that is with or without constant region domains, (e.g., V-V
V-V, orV,-V,) (viii) domain antibody fragments, such as
fragments consisting of a V domain, or a V, domain, and
antigen-binding fragments of either V or V; domains, such
as isolated CDR regions; (ix) so-called “diabodies” compris-
ing two antigen binding sites, for example a heavy chain
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variable domain (V) connected to a light chain variable
domain (V,), in the same polypeptide chain; and (x) so-called
linear antibodies comprising a pair of tandem Fd segments
which, together with complementary light chain polypep-
tides, form a pair of antigen binding regions.

Preferred antibody fragments that can be prepared are
mammalian single variable domain antibodies, being an anti-
body fragment comprising a folded polypeptide domain
which comprises sequences characteristic of immunoglobu-
lin variable domains and which specifically binds an antigen
(i.e., dissociation constant of 500 nM or less, such as 400 nM
or less, preferably 250 nM or less, and most preferably 100
nM or less), and which binds antigen as a single variable
domain; thatis, without any complementary variable domain.
Single variable domain antibodies include complete antibody
variable domains as well as modified variable domains, for
example in which one or more loops have been replaced by
sequences which are not characteristic of antibody variable
domains or antibody variable domains which have been trun-
cated or comprise N- or C-terminal extensions, as well as
folded fragments of variable domains. Preferred single vari-
able domains which can be prepared are selected from the
group of V; and V,, including Vkappa and Vlambda. Most
preferably the single variable domains are human or camelid
domains, including humanised camelid domains.

Where the target polypeptide comprises two or more
chains to be secreted, particularly where the target polypep-
tide is a fragment antibody comprising two or more chains,
each of the chains is attached to a secretion leader according
to the present invention, and polynucleotides encoding such
polypeptides are designed accordingly. The secretion leaders
employed may be the same or different.

Accordingly, the present invention also provides a method
for the production of a target polypeptide which comprises
expressing a vector according to the first aspect of the present
invention in a prokaryotic host cell.

The expression system is expressed by methods well
known in the art for the cells employed. Preferred expression
methods include culturing the host cells in growth medium,
especially by fermentation, and then recovering the expressed
polypeptide. The term “growth medium” refers to a nutrient
medium used for growing the host cells. In many embodi-
ments, a nutrient solution is employed. Suitable growth media
for given host cells and methods of recovering polypeptides
are well known in the art.

Expression may be induced by the addition of an inducer
such as isopropyl-p-D-1-thiogalactopyranoside (IPTG), ana-
logues of IPTG such as isobutyl-C-galactoside (IBCG), lac-
tose or melibiose. Other inducers may be used and are
described more fully elsewhere (e.g. see The Operon, eds
Miller and Renznikoff (1978)). Inducers may be used indi-
vidually or in combination.

Preferably, the signal peptide sequence is attached to the
N-terminus of the recombinant polypeptide. In certain
embodiments, the recombinant polypeptide comprises an
N-terminal tag, the signal peptide sequence being attached to
the tag, preferably to the N-terminus of the tag.

Polypeptides comprising signal peptides with amino acid
sequences (SEQ IDNO 1), (SEQ ID NO 2), (SEQ ID NO 3),
(SEQ IDNO 4) or (SEQ ID NO 5), or a functional equivalent
thereof, attached to a recombinant polypeptide form another
aspect of the present invention.

Preferably, the signal peptide sequence is attached to the
N-terminus of the target polypeptide. In certain embodi-
ments, the linkage between the secretion leader sequence and
the polynucleotide encoding the target polypeptide is such
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that the target polypeptide comprises an N-terminal tag, the
signal peptide sequence being attached to the tag, preferably
to the N-terminus of the tag.

Polypeptides comprising signal peptides with amino acid
sequences (SEQ IDNO 1), (SEQ ID NO 2), (SEQ ID NO 3),
(SEQIDNO 4) or (SEQID NO 5), or a functional equivalent
thereof, attached to a recombinant target polypeptide form
another aspect of the present invention.

The present invention is illustrated without limitation by
the following examples.

EXAMPLE 1
TAR1-5-19 is an anti-TNF single domain V; antibody. The

amino acid sequence was obtained from International patent
application W0O2005/035572.

Construction of Strains
Strain 1

A polynucleotide having the sequence:

(SEQ ID NO:
CATATGCTGAAACGTTCTTCTTGGCTGGCAACTCTGGGTCTGCTGACT

11)

GTTGCATCCGTAAGCACTATTGTGTATGCAGACATCCAAATGACCCAG

TCCCCTTCTTCTCTGAGCGCGTCTGTGGGTGATCGTGTGACCATCACT
TGCCGTGCTTCTCAATCCATCGATTCCTACCTGCACTGGTATCAACAG
AAACCAGGCAAGGCGCCGAAACTGCTGATTTACTCCGCGTCTGAGCTG
CAGTCTGGTGTGCCGAGCCGTTTCTCTGGCTCTGGTTCCGGTACCGAC
TTCACTCTGACCATCTCTTCTCTGCAGCCGGAGGATTTCGCAACTTAC
TACTGCCAACAAGTCGTGTGGCGTCCGTTTACCTTCGGTCAGGGCACG
AAAGTGGAAATTAAACGTTGATGACTCGAG

(where the underlined nucleotides indicate the polynucle-
otide encoding for the eukaryotic signal peptide sequence
MLKRSSWLATLGLLTVASVSTIVYA (SEQ ID NO 1))
was prepared as an Ndel/Xhol fragment. This fragment was
cloned into vector pAVEO1 1, prepared as described in Inter-
national patent application WO 2007/088371, using the Nde
T'and Xho I restriction sites in the vector. Recombinant clones
were identified by restriction digest and confirmed by
sequencing. One plasmid clone was transformed into E. coli
strain W3110. An equal amount of overnight culture was
mixed with 40% glycerol and aliquoted into cryovials for
storage at —70° C.

Strain 2

Strain 2 was prepared by the method for Strain 1, except
that the polynucleotide prepared had the sequence:

(SEQ ID NO:
CATATGAAGAAAGCTACGTTTATTACTTGCCTGCTGGCTGTTCTGCTG

12)

GTTTCTAACCCGATCGTTGTTAACGCGGATATCCAAATGACCCAGTCC

CCGAGCTCCCTGTCTGCCAGCGTTGGTGACCGCGTGACTATCACCTGC

CGCGCCAGCCAGTCTATTGATTCCTACCTGCATTGGTATCAGCAGAAA

CCGGGCAAAGCGCCGAAACTGCTGATCTATTCCGCCAGCGAGCTGCAG
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-continued
TCTGGCGTTCCGAGCCGCTTCTCTGETTCTGGCTCTGGTACTGACTTC
ACCCTGACCATCTCCTCCCTGCAGCCGGAAGACTTCGCTACCTATTAT
TGCCAACAGGTGGTTTGGCGTCCATTCACTTT TGGTCAGGGCACCARA

GTAGAAATCAAACGTTAATAACTCGAG

where the underlined nucleotides indicate the polynucleotide
encoding for the eukaryotic signal peptide sequence
MKKATFITCLLAVLLVSNPIWNA (SEQ ID NO 2).

Strain 3

Strain 3 was prepared by the method for Strain 1, except
that the polynucleotide prepared had the sequence:

(SEQ ID NO:
CATATGAAAGTGTCTGCGGCCGCACTGGCAGTAATCCTGATCGCAACT

13)

GCGCTGTGCGCGCCAGCCAGCGCAGACATCCAGATGACGCAATCTCCG

TCTAGCCTGTCCGCGTCCGTGGGCGATCGCGTAACCATTACCTGCCGC
GCATCCCAGTCCATCGACAGCTATCTGCACTGGTATCAGCAGAAACCG
GGTAAAGCCCCGAAACTGCTGATCTATTCCGCTAGCGAACTGCAGAGC
GGCGTTCCGAGCCGTTTCTCCGGCTCTGGTTCTGGTACTGATTTTACC
CTGACCATCAGCTCTCTGCAACCGGAAGATTTTGCAACTTATTATTGT
CAGCAGGTGGTTTGGCGTCCGTTTACCTTCGGCCAGGGCACCARAGTC
GAGATCAAACGTTGATGACTCGAG

where the underlined nucleotides indicate the polynucleotide
encoding for the eukaryotic signal peptide sequence
MKVSAAALAVILIATALCAPASA (SEQ ID NO 3).

Strain 4

Strain 4 was prepared by the method for Strain 1, except
that the polynucleotide prepared had the sequence:

(SEQ ID NO:
CATATGAAACTGCTGCTGCTGTCTGCTCTGCTGGGTTGTCTGGCTACT

14)

GCGTATGCCGATATCCAAATGACTCAGTCTCCGTCCTCCCTGTCTGCA
AGCGTGGGCGATCGTGTCACTATCACCTGCCGTGCGAGCCAGTCTATC
AGACTCTTACCTGCATTGGTACCAGCAAAACCGGGCAAAGCTCCTARA
CTGCTGATCTACTCCGCGTCTGAACTGCAGTCTGGCGTTCCGTCTCGT
TTCTCTGGCAGCGGTAGCGGCACTGACTTTACCCTGACCATCTCCTCC
CTGCAGCCAGAAGATTTTGCGACTTACTATTGCCAGCAGGTGGTGTGG
CGCCCGTTCACCTTCGGTCAGGGCACCAAGGTGGAAATTAAGCGTTGA
TAACTCGAG

where the underlined nucleotides indicate the polynucleotide
encoding for the eukaryotic signal peptide sequence
MKLLLLSALLGCLATAYA (SEQ ID NO 15).

Strain 5

Strain 5 was prepared by the method for Strain 1, except
that the polynucleotide prepared had the sequence:
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(SEQ ID NO:
CATATGAAAGTTTCTACTGCATTTCTGTGTCTGCTGCTGACTGTTAGC

16)

GCATTCTCCGCTCAGGTCCTGGCCGATATCCAGATGACGCAGTCCCCT

GTCCTCTCTGAGCGCCAGCTAGGTGATCGCGTAACCATCACGTGCCGT
GCATCTCAGAGCATTGATTCTTATCTGCATTGGTACCAGCAGAAGCCG
GGCAAAGCGCCGAAACTGCTGATCTATAGCGCTTCCGAGCTGCAGTCC
GGTGTACCGTCTCGTTTTTCCGGTTCTGGCAGCGGTACCGATTTCACC
CTGACCATCTCCAGCCTGCAGCCGGAGGATTTCGCGACTTATTACTGC
CAGCAGGTTGTCTGGCGTCCGTTCACCTTTGGTCAGGGCACGARAGTT
GAAATCAAACGCTGATAACTCGAG

where the underlined nucleotides indicate the polynucleotide
encoding for the eukaryotic signal peptide sequence MK V-
STAFLCLLLTVSAFSAQVLA (SEQID NO 4).

Strain 6

Strain 6 was prepared by the method for Strain 1, except
that the polynucleotide prepared had the sequence:

(SEQ ID NO:
CATATGAAAGTTTCTGCTGCTCTGCTGTGGCTGCTGCTGATTGCTGCT

17)

GCTTTCTCTCCGCAGGGTCTGGCCGATATCCAGATGACTCAGTCCCCA

TCTAGCCTGAGCGCGTCTGTGGGCGACCGTGTGACTATCACCTGCCGT
GCGAGCCAGTCTATCGACTCCTACCTGCATTGGTATCAGCAGAAACCG
GGTAAAGCTCCGAAACTGCTGATTTACTCCGCTTCCGAACTGCAGTCT
GGCGTACCATCTCGCTTCTCTGGCAGCGGCTCCGGCACCGACTTTACC
CTGACTATCTCCTCTCTGCAGCCGGAGGATTTCGCAACGTATTATTGT
CAGCAAGTCGTTTGGCGCCCTTTCACCTTCGGTCAGGGCACCARAGTG
GAGATCAAGCGTTGATAACTCGAG

where the underlined nucleotides indicate the polynucleotide
encoding for the eukaryotic signal peptide sequence
MKVSAALLWLLLIAAAFSPQGLA (SEQ ID NO 18).

Strain 7

Strain 7 was prepared by the method for Strain 1, except
that the polynucleotide prepared had the sequence:

(SEQ ID NO:
CATATGAAAGCGTTTCCAACCTTCGCACTGCTGTTTCTGGTTCTGCTG

19)

TTTTCCGCTCACGTTAGCGATGCTGATATCCAAATGACCCAGAGCCCA

AGCTCTCTGTCCGCAAGCGTAGGTGACCGTGTTACGATCACCTGCCGT

GCGAGCCAGTCTATCGATTCCTACCTGCACTGGTATCAGCAGAAGCCA

GGCAAGGCTCCGAAACTGCTGATCTACTCTGCTTCCGAGCTGCAGTCC

GGCGTTCCGTCTCGCTTCTCCGGTTCTGGCTCCGGTACCGACTTCACG

CTGACCATCTCTTCTCTGCAGCCGGAAGACTTCGCTACTTACTACTGT

CAGCAGGTTGTTTGGCGTCCGTTTACTTTCGGCCAGGGTACCAAAGTA

GAAATCAAACGTTAATAACTCGAG
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where the underlined nucleotides indicate the polynucleotide
encoding for the eukaryotic signal peptide sequence MKAF-
PTFALLFLVLLFSAHVSDA (SEQ ID NO 20).

Strain 8

Strain 8 was prepared by the method for Strain 1, except
that the polynucleotide prepared had the sequence:

(SEQ ID NO:
CATATGAAATGTCTGCTGCTGGCGCTGGGTCTGGCACTGGCATGTGCG

21)

GCACAGGCGGACATCCAGATGACGCAGTCTCCATCTAGCCTGTCTGCT
TCCGTTGGCGATCGTGTTACCATCACCTGCCGTGCCAGCCAGTCTATC
GATTCTTACCTGCACTGGTATCAGCAGAAACCGGGTAAAGCGCCGAAG
CTGCTGATCTATTCTGCCTCCGAGCTGCAGAGCGGTGTGCCGTCTCGC
TTCTCTGGCTCTGGTTCTGGTACTGACTTTACGCTGACGATTAGCTCC
CTGCAGCCGGAGGACTTCGCGACCTATTACTGCCAGCAGGTTGTATGG
CGTCCGTTCACGTTCGGCCAGGGTACCAAAGTTGAAATCAAGCGTTAA
TAACTCGAG

where the underlined nucleotides indicate the polynucleotide
encoding for the eukaryotic signal peptide sequence
MKCLLLALGLALACAAQA (SEQ ID NO 5).

Shake-Flask Evaluation

10 wl of the thawed glycerol stock was inoculated into 5 ml
Luria Broth (LB, 5 g/LL yeast extract, 10 g/LL tryptone, and 5
g/l sodium chloride) supplemented with tetracycline (10
ng/ml) and glucose (1 g/L). This was incubated at 37° C. inan
orbital shaker for 16 h. 500 ul of this culture was then used to
inoculate two 250 ml Erlenmeyer flasks containing 50 ml of
Luria Broth (composition as described above). The flasks
were incubated at 37° C., at 200 rpm in an orbital shaker.
Growth was monitored until OD600=0.5-0.7. At this point
one flask was induced with IPTG (isopropyl-.p.-D-1-thioga-
lactopyranoside) to a final concentration 0.1 mM whilst the
second flask was left un-induced and the incubation contin-
ued, under the conditions described above for 22 hours, dur-
ing which samples were taken for measurement of growth,
and accumulation of TAR1-5-19 within the bacterial cells.
The accumulation levels of TAR1-5-19 was determined using
SimplyBlue stained SDS-PAGE gels of whole cell lysates of
the sampled bacteria. The harvested cells were further sub-
jected to osmotic shock cell fractionation to isolate the cellu-
lar fraction containing proteins that had partitioned in the
soluble E. coli periplasmic fraction and the accumulation
level in different fractions determined using SimplyBlue
stained SDS-PAGE gels. The OS1 (OS=0Osmotic Shock) frac-
tion is the supernatant recovered after washing harvested cells
in buffer containing sucrose, the OS2 fraction is the superna-
tant recovered after washing with a low ionic strength buffer,
the ‘supernatant/growth’ medium is the residual cell-free
residual growth medium and the “cell pellet’ is the cell pellet
after osmotic shock fractionation. Correctly secreted target
polypeptide is detected in the OS1 and/or the OS2 and/or the
supernatant/growth medium fractions.

FIG. 1 shows shake-flask data for Strain 1. It can be seen
that a secreted protein of the expected molecular weight was
detected in the osmotic shock fractions. This band was sub-
sequently confirmed to be TAR1-5-19 by N-terminal amino
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acid sequencing. Low level partitioning of TAR1-5-19 into
the growth medium was also evident (Lane 2).

FIG. 2 shows shake-flask data for Strain 2. It can be seen
that a secreted protein of the expected molecular weight was
detected in the osmotic shock fractions. This band was sub-
sequently confirmed to be TAR1-5-19 by N terminal amino
acid sequencing.

FIG. 3 shows shake-flask data for Strain 3. It can be seen
that a secreted protein of the expected molecular weight was
detected in the osmotic shock fractions.

Strain 4 did not accumulate any secreted protein detectable
using SimplyBlue stained SDS-PAGE gels.

FIG. 4 shows shake-flask data for Strain 5 and Strain 6. It
can be seen that a secreted protein of the expected molecular
weight was detected in the osmotic shock fractions for Strain
5 (according to the present invention), but not Strain 6.

FIG. 5 shows shake-flask data for Strain 7 and Strain 8. It
can be seen that a secreted protein of the expected molecular
weight was detected in the osmotic shock fractions, and the
growth medium, for Strain 8 (according to the present inven-
tion), but not Strain 7.

FERMENTER EVALUATION OF STRAINS 1
AND 2

Fermentation inocula for each of Strains 1 and 2 were
raised by adding 200 pl of glycerol stock to a 2.0 L baffled
shake flask containing 200 mL of Luria Broth (LB) contain-
ing 5 g/IL yeast extract, 10 g/L. peptone, 10 g/LL sodium chlo-
ride, 10 g/L. glucose and 15 mg/L. tetracycline. Inocula were
grown for 10 h at 37° C. in a shaker-incubator with an agita-
tion of 200 rpm. 20 ml of shake flask inoculum was used to
inoculate a 5 L working volume fermenter containing 4 L of
batch growth medium (or 45 ml of shake flask inoculum was
used to inoculate a 15 L working volume fermenter contain-
ing 9 L. of batch growth medium for Strain 3). The fermenta-
tion was carried out under the operating conditions described
below. Temperature was controlled at 37° C. for the first 7-7.5
hours then reduced to 30° C. over a 2 hour period and con-
trolled at 30° C. for the remainder of the fermentation. pH was
controlled at 7.0 by automatic addition of 25% (w/v) ammo-
nium hydroxide. The dissolved oxygen tension (dOT) set
point was 30% of air saturation and was controlled by auto-
matic adjustment of the fermenter stirrer speed, from a mini-
mum of 250 rpm up to a maximum of 1500 rpm, and supple-
mentation of oxygen to the inlet gas stream. Airflow to the
fermenter vessel was 0.5 v/v/min throughout.

The composition of the batch growth medium is provided
in Table 1.

TABLE 1
Final
concentration
[¢/L], [mg/L]
and [ml/L]
Component of purified water
(NH,4),80, 10.0 g/L
Glycerol 35.0 g/l
Yeast extract 20.0 g/l
NaH,PO, 6.0 g/l
KH,PO, 3.0 gL
NaCl 0.5 g/L
MgS0,*7H,0 0.5 g/L
CaCl,*2H,0 30 mg/L
Antifoam DF204 0.4 ml/L
Tetracycline 15 mg/L
FeCly*6H,0 140 mg/L
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TABLE 1-continued
Final

concentration

[¢/L], [mg/L]

and [ml/L]
Component of purified water
ZnS0,*7H,0 75 mg/L
MnSO,*H,0 26 mg/L
Na,Mo0,,*21,0 6 mg/L
CuS0,*5H,0 7 mg/L
H,*BO, 2 mg/L
CoCL,*6H,0 6 mg/L

The composition of the glycerol/ammonium sulphate feed
is provided in Table 2.

TABLE 2

Amount required

Component of Feed [g/L] of purified water

714
75

Glycerol
(NH4),80,

Fermentations were performed in batch mode until deple-
tion of the carbon source (i.e. glycerol) which occurred ca. 10
h post inoculation and was characterized by a sharp rise in
dOT. Fed-batch fermentation was initiated at the point of
carbon source exhaustion by the addition of a glycerol/am-
monium sulphate feed at a feed rate 0£'2.6-2.9 g of feed per L
of medium per hr. Induction was carried out by addition of
IPTG to a final concentration of 0.125 mM once the biomass
level in the fermentation reached OD600=45-55. The fed-
batch phase was continued for 46 hr post induction. The cells
and residual cell free growth medium were then harvested.
The harvested cells were further subjected to osmotic shock
cell fractionation to isolate the cellular fraction containing
proteins that had partitioned in the soluble £. coli periplasmic
fraction.

The accumulation of TAR1-5-19 in the soluble periplasmic
extract and residual growth medium was estimated as
described above. High level secretion of TAR-5-19 was
achieved. FIG. 6 shows the data from Strain 1. It can be seen
that TAR1-5-19 is secreted and accumulated in the growth
medium (S/N). The titre was estimated to be 400 mg/L. cul-
ture. FIG. 7 shows the data for Strain 2. It can be seen that
TAR1-5-19 is secreted and accumulated in the growth
medium (S/N). The titre was estimated to be 2400 mg/LL
culture. The residual pellet fraction following release of the
periplasmic fraction (FIG. 6, Lane 9) indicates the accumu-
lation of TAR1-5-19 with the secretion leader. It will be
evident to those skilled in the art that further optimisation of
the fermentation and induction conditions would increase the
secretion of TAR1-5-19 yet further increasing the titre.

EXAMPLE 2

The ability of vectors according to the present invention to
secrete I coli thioredoxin was investigated. [thas been shown
that this protein does not secrete very efficiently using typical
sec pathway leader sequences such as phoA, due to its rapid
folding in the cytoplasm (JOURNAL OF BACTERIOLOGY,
October 2003, p. 5706-5713). We compared the secretion of
thioredoxin by the present invention with secretion using
dsbA and ompA secretion leaders, both of which have been
demonstrated to secrete thioredoxin.
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The following gene was synthesised, consisting of the cod-
ing sequence for the leader having SEQ ID NO 4 attached
directly to thioredoxin:

(SEQ ID NO 22)
CATATGAAAGTTTCTACTGCATTTCTGTGTCTGCTGCTGACTGTTAGC

GCATTCTCCGCTCAGGTCCTGGCCAGCGATAAAATTATTCACCTGACT
GACGAGAGTTTTGACACGGATGTACTCAAAGCGGACGGGGCGATCCTC
GTCGATTTCTGGGCAGAGTGGTGCGGTCCGTGCAAAATGATCGCCCCG
ATTCTGGATGAAATCGCTGACGAATATCAGGGCAAACTGACCGTTGCA
AAACTGAACATCGATCAAAACCCTGGCACTGCGCCGAAATATGGCATC
CGTGGTATCCCGACTCTGCTGCTGTTCAAAAACGGTGAAGTGGCGGCA
ACCAAAGTGGGTGCACTGTCTAAAGGTCAGTTGAAAGAGTTCCTCGAC

GCTAACCTGGCGTAACTCGAG

Construction of Plasmid pAB222 and Strain 9

pAB222 was prepared by the method given for Strain 1,
except that SEQ ID NO 22 was employed, and transformed
into E. coli strain W3110, also by the method for Strain 1, to
generate Strain 9. Similar constructs were made as controls,
which coded for thioredoxin using the dsbA (Strain 10) and
ompA (Strain 11) secretion leader sequences.

Shake-Flask Evaluation

Shake flask evaluations of Strains 9, 10 and 11 were carried
out by the method given in Example 1, and the results shown
in FIG. 8.

The data shows that Strain 9 secretes more thioredoxin into
the periplasm than comparative Strains 10 and 11.

EXAMPLE 3

The ability of vectors according to the present invention to
secrete Human growth hormone (hGH) was investigated.
hGH has been shown to be secreted at higher levels with a
dsbA leader, which is thought to be an srp dependent secre-
tion leader, compared with ompA (Protein Engineering vol.
16 no. 12 pp. 1131-1138, 2003).

The following gene was synthesised, consisting of the cod-
ing sequence for the leader having SEQ ID NO 4 attached to
hGH coding region.

(SEQ ID NO 23)
CATATGAAAGTTAGCACCGCGTTTCTGTGCTTGCTGTTGACCGTTTCC

GCTTTTAGCGCACAAGTCCTGGCCTTTCCTACGATTCCGCTGTCTCGT
CTGTTTGATAATGCGATGCTGCGTGCCCATCGTTTGCACCAACTGGCG
TTTGACACTTACCAGGAGT TTGAGGAGGCGTATATCCCGAAAGAGCAG
AAGTATAGCTTCCTGCAAAACCCGCAAACCAGCCTGTGCTTCAGCGAG
TCTATTCCAACCCCGTCTAACCGTGAAGAAACGCAGCAAAAGTCCAAT
TTGGAACTGCTGCGCATTAGCCTGCTGCTGATCCAGAGCTGGCTGGAG
CCGGTGCAGTTCCTGCGCAGCGTCTTTGCGAACTCCTTGGTGTACGGC

GCAAGCGACAGCAATGTGTACGATCTGCTGAAGGACCTGGAAGAGGGT
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-continued
ATTCAGACGTTGATGGGTCGCCTGGAAGATGGTTCGCCGCGTACCGGT

CAAATCTTCAAGCAAACGTATAGCAAGTTCGATACCAATAGCCACAAT
GACGACGCTCTGCTGAAAAACTACGGCCTGCTGTATTGCTTCCGCAAA
GATATGGACAAAGTCGAAACCTTCCTGCGTATTGTGCAGTGTCGTTCC
GTTGAAGGTAGCTGTGGTTTCTAACTCGAG

Strain 12 was prepared by the method given for Strain 1,
except that SEQ ID NO 23 was employed and transformed
into E. coli strain W3110.

Shake-Flask Evaluation

Shake flask evaluation of Strain 12 was carried out by the
method given in Example 1, and the results shown in FIG. 9.

The data shows that hGH is successfully secreted by Strain
12. After 22 hours incubation post-induction, hGH secretion
into the periplasm and its accumulation in both the osmotic
shock fractions (OS1 and OS2) is clearly evident using Sim-
plyBlue stained SDS-PAGE gels.

EXAMPLE 4

The following gene was synthesised, comprising a D1.3
Fab sequence in which both the light and heavy chains were
linked to coding sequences for the leader having SEQ ID NO
4:

(SEQ ID NO 24)
CATATGAAAGTGAGCACCGCGTTTCTGTGTCTGCTGTTGACGGTGTCT

GCGTTTTCCGCACAAGTCCTGGCGCAAGTTCAACTGCAGGAAAGCGGT
CCGGGTCTGGTCGCGCCGAGCCAGAGCTTGAGCATCACCTGCACCGTG
TCCGGCTTCAGCCTGACCGGCTATGGTGTGAATTGGGTTCGCCAGCCA
CCGGGTAAGGGTCTGGAGTGGTTGGGTATGAT TTGGGGTGATGGCAAC
ACGGACTATAACAGCGCCCTGAAGAGCCGCCTGAGCATCAGCAAGGAC
AATAGCAAATCGCAGGTGTTTCTGAAGATGAATAGCTTGCACACCGAC
GATACGGCCCGTTACTATTGTGCACGTGAGCGTGACTATCGTCTGGAT
TACTGGGGTCAGGGTACCACCGTTACCGTGAGCAGCGCTTCCACCAAG
TGGCCCGAGCGTGTTCCCGCGGCCCCGAGCTCTAAGAGCACGAGCGGC
GGTACTGCTGCGCTGGGCTGTCTGGTCAAAGATTACTTCCCGGAACCG
GTCACCGTGTCTTGGAACAGCGGCGCACTGACCAGCGGCGTTCATACC
CCTGCGGTGCTGCAAAGCTCGGGCCTGTACAGCCTGAGCTCTGTTGTC
ACTGTTCCGAGCAGCAGCCTGGGTACGCAGACGTACATTTGCAATGTT
AATCACAACCCGTCCAACACGAAAGTCGATAAGAAGGTCGAACCGAAG
TCCACCAAAACCCATACCTCCGGTGGTGAGCAAAAACTGATTTCGGAG
GAGGACCTGAACTAATAAGTCGACGCTAGCGGATCCAAGGAGACTAGT
CATATGAAAGTGAGCACCGCGTTCCTGTGCCTGTTGCTGACGGTCAGC
GCCTTCAGCGCTCAAGTTCTGGCGGACATTGAGCTGACTCAGAGCCCA
GCGAGCCTGAGCGCCAGCGTCGGTGAAACCGTGACCATTACGTGTCGC
GCAAGCGGCAACATTCACAACTACCTGGCATGGTATCAGCAAAAACAA

GGCAAAAGCCCTCAACTGCTGGTTTACTATACGACCACCCTGGCGGAT
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14
-continued

GGCGTTCCGAGCCGTTTCTCTGGTTCCGGCTCCGGCACGCAATACTCC
TTGAAGATCAATAGCCTGCAGCCGGAAGCGTTTGGTAGCTACTATTGC
CAGCACTTTTGGTCTACCCCGCGTACCTTTGGTGGCGGTACCAAGCTG
GAAATCAAACGTACGGTTGCAGCGCCGTCCGTGTTCATCTTTCCGCCG
AGCGACGAGCAACTGAAGAGCGGTACTGCCTCTGTGGTGTGCCTGCTG
AACAATTTCTACCCGCGTGAAGCGAAGGTTCAGTGGAAAGTCGATAAC
GCTTTGCAGTCTGGTAATAGCCAAGAGAGCGTGACCGAGCAGGACAGC
AAAGATAGCACCTATTCCCTGAGCAGCACCCTGACGCTGAGCAAGGCG
GACTACGAAAAGCATAAGGTTTACGCATGTGAGGTCACGCATCAGGGT
CTGAGCTCGCCGGTCACCAAATCGTTCAATCGCGGCGAGTCCTAATAA
CTCGAG

Strain 13 was prepared by the method given for Strain 1,
except that SEQ ID NO 24 was employed.

Shake-Flask Evaluation

Shake flask evaluation of Strain 13 was carried out by the
method given in Example 1, except that no uninduced flask
was employed. The accumulation of biologically active D1.3
Fab in the soluble periplasmic extract and residual growth
medium was estimated by determining the binding of D1.3
Fab to lysozyme (antigen) in an ELISA assay by reference to
a standard curve prepared with purified active D1.3 Fab. It
was estimated that 1.2 pg/ml of active D1.3 was produced in
the supernatant of these flasks. This demonstrated that the
leader can be used for secretion of two separate polypeptide
chains, which are subsequently able to form active material in
the periplasm.

EXAMPLE 5
Preparation of Strain 14

Plasmid pAB222 (prepared by the method of Example 2)
was used as the start point for construction of pAB270. The
Pseudomonas savastanoi origin of replication was cloned
using Polymerase Chain Reaction from Plasmid pCN60
(ATCC 77101; Nieto C, et al. (1990) Gene 87: 145-149). The
primers used were F37a (Sequence: 5' AGATCTACGCT-
TATGGGTGCCTTTCC (SEQ ID NO 25)) and B29a (Se-
quence: 5' AGATCTAATACGCAAACCGCCTCTCC (SEQ
ID NO 26). The PCR product was cloned into TOPO TA
pCR2.1 (Invitrogen) and then into pAVE187 by Bgl 11 diges-
tion from pCR2.1. The resultant plasmid, pAB270, was trans-
formed into Pseudomonas putida NCIMB 12018 via elec-
troporation to generate Strain 14.

Shake Flask Evaluation

10 pl of the thawed glycerol stock was inoculated into 5 ml
Nutrient Broth (NB, Oxoid CM0001) supplemented with tet-
racycline (10 pg/ml). This was incubated at 29° C. in an
orbital shaker for 16 h. 500 pl of this culture was then used to
inoculate a 250 ml Erlenmeyer flask containing 50 ml of
Nutrient Broth (composition as described above). The flask
was incubated at 29° C., at 200 rpm in an orbital shaker.
Growth was monitored until OD600=0.5-0.7. At this point the
flask was induced with IPTG (isopropyl-.p3.-D-1-thiogalacto-
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pyranoside) to a final concentration 0.1 mM and the incuba-
tion continued, under the conditions described above for 22
hours, during which samples were taken for measurement of
growth, and accumulation of thioredoxin within the bacterial
cells. The accumulation levels of thioredoxin was determined
using SimplyBlue stained SDS-PAGE gels of whole cell

16

lysates of the sampled bacteria. The harvested cells were
further subjected to osmotic shock cell fractionation to isolate
the cellular fraction containing proteins that had partitioned
in the soluble periplasmic fraction.

The results are shown in FIG. 10 and demonstrate that
thioredoxin was secreted by Strain 14.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26

<210> SEQ ID NO 1

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Porphyra purpurea

<400> SEQUENCE: 1

Met Leu Lys Arg Ser Ser Trp Leu Ala Thr Leu Gly Leu Leu Thr Val

1 5 10

Ala Ser Val Ser Thr Ile Val Tyr Ala
20 25

<210> SEQ ID NO 2

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Porphyra purpurea

<400> SEQUENCE: 2

15

Met Lys Lys Ala Thr Phe Ile Thr Cys Leu Leu Ala Val Leu Leu Val

1 5 10

Ser Asn Pro Ile Val Val Asn Ala
20

<210> SEQ ID NO 3

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

15

Met Lys Val Ser Ala Ala Ala Leu Ala Val Ile Leu Ile Ala Thr Ala

1 5 10

Leu Cys Ala Pro Ala Ser Ala
20

<210> SEQ ID NO 4

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Cavia porcellus

<400> SEQUENCE: 4

15

Met Lys Val Ser Thr Ala Phe Leu Cys Leu Leu Leu Thr Val Ser Ala

1 5 10

Phe Ser Ala Gln Val Leu Ala
20

<210> SEQ ID NO 5

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: bubalus bubalis

<400> SEQUENCE: 5

15

Met Lys Cys Leu Leu Leu Ala Leu Gly Leu Ala Leu Ala Cys Ala Ala

1 5 10

Gln Ala

15
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<210> SEQ ID NO 6

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide encoding Seq ID No. 1

<400> SEQUENCE: 6
catatgctga aacgttctte ttggetggea actctgggte tgctgactgt tgcatccegta

agcactattyg tgtatgca

<210> SEQ ID NO 7

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide encoding Seq ID No. 2

<400> SEQUENCE: 7
catatgaaga aagctacgtt tattacttge ctgectggetg ttetgetggt ttcetaacceg

atcgttgtta acgceg

<210> SEQ ID NO 8

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide encoding Seq ID No. 3

<400> SEQUENCE: 8
catatgaaag tgtctgegge cgcactggca gtaatcctga tegecaactge getgtgegeg

ccagccageyg ca

<210> SEQ ID NO 9

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide encoding Seq ID No. 4

<400> SEQUENCE: 9
catatgaaag tttctactge atttectgtgt ctgctgetga ctgttagege attcteeget

caggtectgyg cc

<210> SEQ ID NO 10

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide encoding Seq ID No. 5

<400> SEQUENCE: 10

catatgaaat gtctgetget ggegetgggt ctggcactgg catgtgegge acaggceg

<210> SEQ ID NO 11

<211> LENGTH: 414

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 1

<400> SEQUENCE: 11

60

78

60

75

60

72

60

72

57



19

US 9,157,085 B2

-continued

20

catatgctga aacgttctte
agcactattyg tgtatgcaga
gtgggtgatc gtgtgaccat
tggtatcaac agaaaccagg
cagtctggtyg tgccgagecyg
atctcttete tgcageccgga
cegtttaccet teggtcaggyg
<210> SEQ ID NO 12

<211> LENGTH: 411
<212> TYPE: DNA

ttggctggea
catccaaatg
cacttgecegt
caaggcgecg
tttetetgge
ggatttcgca

cacgaaagtyg

actctgggte tgctgactgt
acccagtecce cttettetet
gettcetcaat ccatcgatte
aaactgctga tttactccge
tctggtteeyg gtaccgactt
acttactact gccaacaagt

gaaattaaac gttgatgact

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

tgcatccgta

gagegegtet

ctacctgeac

gtctgagetyg

cactctgace

cgtgtggegt

cgag

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 2

<400> SEQUENCE: 12

catatgaaga aagctacgtt
atcgttgtta acgcggatat
ggtgaccgeg tgactatcac
tatcagcaga aaccgggcaa
tctggegtte cgagecgett
tcctecctge agcecggaaga
ttcacttttyg gtcagggcac
<210> SEQ ID NO 13

<211> LENGTH: 408
<212> TYPE: DNA

tattacttge

ccaaatgacc

ctgecgegec

agcgccgaaa

ctetggttet

cttegetace

caaagtagaa

ctgetggetyg ttetgetggt

cagtcccega geteectgte

agccagtcta ttgattecta

ctgctgatet attcegecag

ggctctggta ctgacttcac

tattattgcc aacaggtggt

atcaaacgtt aataactcga

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

ttctaaccey

tgccagegtt

cctgecattygyg

cgagctgeag

cctgaccate

ttggcgteca

g

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 3

<400> SEQUENCE: 13

catatgaaag tgtctgegge
ccagccageyg cagacatcca
gatcgegtaa ccattacctg
cagcagaaac cgggtaaage
ggegttceega geegtttete
tctetgcaac cggaagattt
acctteggee agggcaccaa
<210> SEQ ID NO 14

<211> LENGTH: 393
<212> TYPE: DNA

cgcactggea

gatgacgcaa

cegegeatee

cccgaaactyg

cggetetggt

tgcaacttat

agtcgagatc

gtaatcctga tcgcaactge

tctecgteta gectgtecge

cagtccatcg acagctatct

ctgatctatt ccgctagega

tctggtactyg attttaccct

tattgtcage aggtggtttyg

aaacgttgat gactcgag

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

getgtgegeg
gtecegtggge
gcactggtat
actgcagage
gaccatcagce

gegteegttt

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 4

<400> SEQUENCE: 14

catatgaaac tgctgetget

atccaaatga ctcagtctece

acctgcegtyg cgagccagte

aaagctccta aactgetgat

gtctgetety

gtceteecty

tatcgactct

ctactecegeg

ctgggttgte tggctactge

tctgcaageyg tgggcgatcg

tacctgcatt ggtaccagca

tctgaactge agtctggegt

gtatgccgat

tgtcactatc

aaaaccggge

tcegtetegt

60

120

180

240

300

360

414

60

120

180

240

300

360

411

60

120

180

240

300

360

408

60

120

180

240
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-continued

22

ttctetggeca geggtagegy
gattttgcga cttactattg
accaaggtgyg aaattaagcg
<210> SEQ ID NO 15
<211> LENGTH: 18
<212> TYPE: PRT

<213> ORGANISM: Salmo

<400> SEQUENCE: 15

cactgacttt accctgacca tctecteect geagecagaa

ccagcaggtyg gtgtggegee cgttcacctt cggtcaggge

ttgataactc

salar

gag

Met Lys Leu Leu Leu Leu Ser Ala Leu Leu Gly Cys Leu Ala Thr Ala

1 5
Tyr Ala
<210> SEQ ID NO 16

<211> LENGTH: 408
<212> TYPE: DNA

10

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

15

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 5

<400> SEQUENCE: 16

catatgaaag tttctactge
caggtcctgyg ccgatatcca
gatcgegtaa ccatcacgtyg
cagcagaagce cgggcaaage
ggtgtacegt ctegttttte
agcctgcage cggaggattt
acctttggte agggcacgaa
<210> SEQ ID NO 17

<211> LENGTH: 408
<212> TYPE: DNA

atttctgtgt
gatgacgcag
cecgtgeatcet
gccgaaactyg
cggttetgge
cgcgacttat

agttgaaatc

ctgctgetga
tccecttect
cagagcattg
ctgatctata
agcggtacceg
tactgccage

aaacgctgat

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

ctgttagege
ctctgagege
attcttatct
gegettecga
atttcaccct
aggttgtctyg

aactcgag

attcteeget

cagcgtaggt

gecattggtac

getgecagtee

gaccatctce

gegteegtte

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 6

<400> SEQUENCE: 17

catatgaaag tttctgctge

cagggtctgyg ccgatatcca

gaccgtgtga ctatcacctyg

cagcagaaac cgggtaaage

ggcgtaccat ctegettete

tctetgecage cggaggattt

acctteggte agggcaccaa

<210> SEQ ID NO 18

<211> LENGTH: 23
<212> TYPE: PRT

tctgetgtygyg
gatgactcag
cegtgegage
tccgaaactyg
tggcagegge
cgcaacgtat

agtggagatc

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

ctgctgetga
tccecatceta
cagtctateg
ctgatttact
tceggcacey
tattgtcage

aagcgttgat

ttgctgetge
gectgagege
actcctacct
cecgettecga
actttaccct
aagtcgtttyg

aactcgag

tttctetecy

gtctgtgggc

gecattggtat

actgcagtct

gactatctce

gegeccettte

Met Lys Val Ser Ala Ala Leu Leu Trp Leu Leu Leu Ile Ala Ala Ala

1 5

10

15

300

360

393

60

120

180

240

300

360

408

60

120

180

240

300

360

408
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-continued

24

Phe Ser Pro Gln Gly Leu Ala
20

<210> SEQ ID NO 19

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 7
<400> SEQUENCE: 19

catatgaaag cgtttccaac cttegeactg ctgtttetgg ttetgetgtt ttecgetcac
gttagcgatyg ctgatatcca aatgacccag agcccaagct ctetgteege aagegtaggt
gaccgtgtta cgatcacctg cegtgcgage cagtctateg attcctacct geactggtat
cagcagaagce caggcaaggce tccgaaactg ctgatctact ctgettcega getgcagtece
ggegtteegt ctegettete cggttetgge teeggtaceg acttcacget gaccatctet
tctetgecage cggaagactt cgctacttac tactgtcage aggttgtttg gegteegttt
acttteggee agggtaccaa agtagaaatc aaacgttaat aactcgag

<210> SEQ ID NO 20

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Xenopus laevis

<400> SEQUENCE: 20

Met Lys Ala Phe Pro Thr Phe Ala Leu Leu Phe Leu Val Leu Leu Phe
1 5 10 15

Ser Ala His Val Ser Asp Ala
20

<210> SEQ ID NO 21

<211> LENGTH: 393

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 8
<400> SEQUENCE: 21

catatgaaat gtctgetget ggegetgggt ctggeactgg catgtgegge acaggeggac
atccagatga cgcagtctee atctagectg tetgetteeg ttggegateg tgttaccate
acctgcegtyg ccagecagte tatcgattcet tacctgecact ggtatcagca gaaaccgggt
aaagcgccga agctgetgat ctattetgee teegagetge agageggtgt gecegtetege
ttctetgget ctggttetgg tactgacttt acgctgacga ttagetcect gcagecggag

gacttcgega cctattactg ccagcaggtt gtatggegte cgttcacgtt cggecagggt

accaaagttyg aaatcaagcg ttaataactc gag

<210> SEQ ID NO 22

<211> LENGTH: 405

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polynucleotide used to prepare Strain 9

<400> SEQUENCE: 22
catatgaaag tttctactge atttectgtgt ctgctgetga ctgttagege attcteeget

caggtcctgg ccagcgataa aattattcac ctgactgacg agagttttga cacggatgta

60

120

180

240

300

360

408

60

120

180

240

300

360

393

60

120
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-continued

26

ctcaaagegyg acggggegat cctegtegat ttetgggeag agtggtgegg tcegtgcaaa

atgatcgecce cgattectgga tgaaatcget gacgaatatce agggcaaact gaccgttgca

aaactgaaca tcgatcaaaa ccctggeact gegecgaaat atggcatceceg tggtatcceg

actctgetge tgttcaaaaa cggtgaagtg geggcaacca aagtgggtge actgtctaaa

ggtcagttga aagagttcct cgacgctaac ctggcegtaac tcgag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 654

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Polynucleotide used to prepare Strain 12

SEQUENCE: 23

catatgaaag ttagcaccge gtttetgtge ttgetgttga cegttteege ttttagegeca

caagtcctgg cctttectac gattcegetg tctegtetgt ttgataatge gatgetgegt

geccategtt tgcaccaact ggegtttgac acttaccagg agtttgagga ggegtatatc

ccgaaagage agaagtatag cttectgecaa aaccegcaaa ccagectgtg cttcagegag

tctattccaa ccccgtctaa cegtgaagaa acgcagcaaa agtccaattt ggaactgetg

cgcattagee tgctgetgat ccagagetgg ctggagecgg tgcagttect gegcagegte

tttgcgaact ccttggtgta cggegcaage gacagcaatg tgtacgatct getgaaggac

ctggaagagg gtattcagac gttgatgggt cgectggaag atggttegee gegtaccegge

caaatcttca agcaaacgta tagcaagtte gataccaata gecacaatga cgacgctetg

ctgaaaaact acggectget gtattgette cgcaaagata tggacaaagt cgaaacctte

ctgegtattyg tgcagtgteg ttecegttgaa ggtagetgtg gtttctaact cgag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 1542

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Polynucleotide used to prepare Strain 13

SEQUENCE: 24

catatgaaag tgagcaccge gtttetgtgt ctgetgttga cggtgtetge gtttteegea

caagtcctgyg cgcaagttca actgcaggaa ageggteegg gtetggtege gecgagecag

agcttgagca tcacctgecac cgtgtecgge ttcagectga ceggcetatgg tgtgaattgg

gttegecage caccgggtaa gggtctggag tggttgggta tgatttgggyg tgatggeaac

acggactata acagcgccct gaagagecge ctgagcatca gcaaggacaa tagcaaatcg

caggtgttte tgaagatgaa tagcttgecac accgacgata cggecegtta ctattgtgca

cgtgagegtyg actategtet ggattactgg ggtcagggta ccaccgttac cgtgagcage

gettcecacca agggeccgag cgtgtteceg ctggecccga getctaagag cacgagegge

ggtactgetyg cgetgggetg tetggtcaaa gattacttee cggaaccggt caccgtgtet

tggaacagcg gcgcactgac cageggegtt cataccectg cggtgetgea aageteggge

ctgtacagee tgagetetgt tgtcactgtt ccgagcagea gectgggtac gcagacgtac

atttgcaatyg ttaatcacaa cccgtccaac acgaaagteg ataagaaggt cgaaccgaag

tccaccaaaa cccataccte cggtggtgag caaaaactga ttteggagga ggacctgaac

taataagtcg acgctagegg atccaaggag actagtcata tgaaagtgag caccgegtte

180

240

300

360

405

60

120

180

240

300

360

420

480

540

600

654

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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-continued
ctgtgectgt tgctgacggt cagcgectte agegetcaag ttetggcegga cattgagetg 900
actcagagcce cagcgagect gagcgcecage gteggtgaaa ccegtgaccat tacgtgtcege 960
gcaagcggca acattcacaa ctacctggca tggtatcagce aaaaacaagg caaaagccct 1020
caactgctgg tttactatac gaccaccctg gcggatggeg ttccgagceg tttetetggt 1080
tceggetecg gecacgcaata ctecttgaag atcaatagec tgcagccgga agegtttggt 1140
agctactatt gccagcactt ttggtctacc ccgegtacct ttggtggcgg taccaagcetg 1200
gaaatcaaac gtacggttgc agcgccgtcce gtgttcatcet tteccgecgag cgacgagcaa 1260
ctgaagagcg gtactgccte tgtggtgtge ctgctgaaca atttctacce gegtgaagceg 1320
aaggttcagt ggaaagtcga taacgctttg cagtctggta atagccaaga gagcgtgacce 1380
gagcaggaca gcaaagatag cacctattcc ctgagcagca ccctgacget gagcaaggeg 1440
gactacgaaa agcataaggt ttacgcatgt gaggtcacgc atcagggtct gagctcgecyg 1500
gtcaccaaat cgttcaatcg cggcgagtcce taataactcg ag 1542
<210> SEQ ID NO 25
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer F37a
<400> SEQUENCE: 25
agatctacgce ttatgggtgce ctttcc 26
<210> SEQ ID NO 26
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer B29a
<400> SEQUENCE: 26
agatctaata cgcaaaccgc ctctce 26

The invention claimed is:

1. A prokaryotic expression vector comprising

(a) a prokaryotic promoter operably linked to a heterolo-

gous polynucleotide encoding a target polypeptide oper-
ably linked to a polynucleotide encoding a eukaryotic
secretion leader which is a signal peptide having an
amino acid sequence at least 90% identical to SEQ ID
NO: 4 and is having a function of secreting the target
polypeptide to a periplasmic space of a prokaryotic host
cell; and

(b) at least one perfect palindrome operator sequence.

2. The prokaryotic expression vector according to claim 1,
wherein the signal peptide has a sequence at least 95% iden-
tical to SEQ ID NO: 4.

3. The prokaryotic expression vector according to claim 2,
wherein the polynucleotide encoding the target polypeptide
operably linked to the eukaryotic secretion leader sequence
has a structure such that a polynucleotide encoding the
eukaryotic secretion leader sequence is attached at the 5' end
of the polynucleotide encoding the target polypeptide.

4. The prokaryotic expression vector according to claim 3,
wherein the expression vector is a plasmid and the target
polypeptide is selected from the group consisting of cytok-
ines, growth factors, antibodies, antibody fragments, immu-

45

50

55

60

65

noglobulin like polypeptides, enzyme, vaccines, peptide hor-
mones, chemokines, receptors, receptor fragments, kinases,
phosphatases, isomerases, hydrolyases, transcription factors
and fusion polypeptides.

5. The prokaryotic expression vector according to claim 1,
wherein the polynucleotide encoding the target polypeptide
operably linked to the eukaryotic secretion leader sequence
has a structure such that a polynucleotide encoding the
eukaryotic secretion leader sequence is attached at the 5' end
of the polynucleotide encoding the target polypeptide.

6. The prokaryotic expression vector according to claim 1,
wherein the vector is a plasmid.

7. The prokaryotic expression vector according to claim 1,
wherein the target polypeptide is selected from the group
consisting of cytokines, growth factors, antibodies, antibody
fragments, immunoglobulin like polypeptides, enzyme, vac-
cines, peptide hormones, chemokines, receptors, receptor
fragments, kinases, phosphatases, isomerases, hydrolyases,
transcription factors and fusion polypeptides.

8. The prokaryotic expression vector according to claim 1,
wherein the eukaryotic secretion leader sequence encodes the
signal peptide of SEQ ID NO: 4.

9. The prokaryotic expression vector according to claim 1,
wherein the prokaryotic promoter is an E. coli RNA poly-
merase-based promoter system.
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10. The prokaryotic expression vector according to claim
1, wherein the heterologous polynucleotide encoding the
eukaryotic secretion leader comprises the nucleotide
sequence from position 4 to position 72 of SEQ ID NO: 16.

11. The prokaryotic expression vector according to claim
1, wherein the signal peptide has the amino acid sequence of
SEQ ID NO: 4.

12. A prokaryotic microorganism comprising the prokary-
otic expression vector according to claim 1.

13. The prokaryotic microorganism according to claim 12,
wherein the microorganism is selected from the group con-
sisting of E. coli, Salmonella typhimurium, Serratia mars-
escens, Pseudomonas putida, Pseudomonas aeruginosa, and
Bacillus subtilis.

14. A method for the production of a target polypeptide
which comprises expressing the prokaryotic expression vec-
tor according to claim 1 in a prokaryotic host cell.

15. The method according to claim 14, wherein the
prokaryotic host cell is selected from the group consisting of
E. coli, Salmonella typhimurium, Serratia marsescens,
Pseudomonas aeruginosa, Pseudomonas putida and Bacillus
subtilis.

16. A method for producing a target polypeptide which
comprises:

a) culturing a prokaryotic host cell comprising the prokary-
otic expression vector according to claim 1, thereby to
express the target polypeptide, and

b) recovering the target polypeptide.

#* #* #* #* #*
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